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448 l~rof. Challis on tlze TIgdrodynamlcal 
ellipticlty seems to be such-and-such ; but this is not to be taken 
as any proof of such eUipticity. The idea was not his, either. 
One remark more~ and I have done. Kater is recognized, 
and Borda--the one in speaking of "Kater's pendulums" and 
the other in alluding to "Borda's method of coincidences " -
which, by the way, was not any more peculiarly Borda's than 
the formula (as given)was Clairaut's; Clairaut's name also 
is mentioned, as we have seen ; not a single other author or 
experimenter in this field is mentioned from the first line to 
the last. Surely this is carrying "originality in experimental 
research" too far--even to the very verge of decency. I 
would suggest o the students of the Japanese college that 
they return to ~he discarded convertible pendulums, and de- 
mand to know, as a matter of scientific interest, w~Y their 
results were so unsatisfactory. They may rest assured that it 
was because they had neglected some of those precautions and 
reductions which "well-known experiments" are especially 
useful in inculcating. 
No experimental result is worth publishing which does not 
carry with it direct or indirect evidence of reliability--or the 
means of correcting its errors. In the present case we have 
neither the one nor the other. The force of gravity at Tokio 
in Japan may be known more certainly fi'om the above for- 
mula than from the experiments recorded in the paper under 
review. 
I am, Gentlemen, 
Yours truly~ 
J. H~ascn~L. 
LX.  Supplement to Researches on the Hydrodynamical Theory 
of the lPl, ysical Forces, including a Theory of the Microphone. 
By Professor CHALLIS, M.A.~ ~F.R.S., F.R.A.S.  ~ 
W HEN I wrote the article on :Newton's "Ilegula Tertia Philosophandi~" inserted in the Philosophical Maga- 
zine I~or January 1880, I supposed that I should not have 
occasion to say more relative to the hydrodynamical theory of 
physical force. As, however, I have since discovered that some 
,points of considerable importance have been either insuffi- 
ciently explained or altogether omitted, I propose to supple- 
ment the previous researches by the subjoined corrections and 
additions. 
(1) In the first place, the postscript to the above-mentioned 
article, which was written and despatched somewhat hastily, 
requires to be corrected by the following considerations. 
* Commtmic~ted by the Author. 
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Y7teory of the Physical Forces. 449 
According to principles and processes therein indicated, it 
appeared that the determination, purely by analytical reason- 
ing, of the rate of propagation i  a homogeneous medium the 
pressure of which varies proportionally to its density requires 
the integration, at least approximately, of the equation 
d +td/ . . . . . .  (B) 
To effect his integration, the form o f f  was assumed to be such 
that we might have 
f=cr-½ cos (mr + c'), 
e, m, and c / being certain constants. By substituting this 
value o f f  in the equation, a result is obtained differing from 
zero by the residual quantity 
1 _m~+4e) f  " 4r 2 
Hence it follows that, whatever be m, the equation is exactly 
satisfied by all the special values of r for which f= O, which 
ara the special values that cause cos (mr + c I) to vanish. ~ow 
it is evident hat the value of the residual quantity is cceteris 
paribus least when m 2 = 4e, and hence that the approximation 
to the solution of the equation (B) is closest when m=2x/e. 
This, in fact, is the case in the approximate solution which I 
referred to as having been obtained by Sir W. Hamilton and 
t~rofessor Stokes, whence I deduced a velocity of sound ex- 
ceeding by 17"5 feet the xperimental determination. In the 
above-mentioned postscript Imade the supposition that m-----~r, 
and consequently found a velocity of sound only 3'17 feet less 
than the observed value. But although this difference is less 
than the other, that supposition must be rejected, because the 
equality m~=~':e does not give so close an approximation to 
the solution of the equation (B) as m~--=4e. Hence I have 
finally come to the conclusion that the principles and processes 
of Hydrodynamics which I have adopted conduct, by pure 
reasoning, to a velocity of sound exceeding by 17"5 ibet the 
latest determination by experiment and observation. Possibly 
the excess may be attributable to the fact that the air, instead 
of being homogeneous, as the theory supposes, is composite, 
and in its lower strata charged with vapour. 
(2) The assumption at the top of page 29 of the January 
~umber, that (dqy) has the form (el .fd?), f being a function 
of x and y only and ~b a function of z and t only, may appear 
to be arbitrary, because I omitted to infer from the equation 
(A), p. 27~ that (dqy)=O if k=l ,  and the propagation be 
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450 Prof. Challis on tf~e Hjd~'odynamical 
along a rectilinear aa'is. The assumption was required for 
satisfying that condition. 
(3) In the statement of the fundamental principles of the 
general theory of the physical forces, one of the adopted hy- 
potheses i that atoms are sp]~eres admitting of no change of 
form or magnitude. At the same time it was asserted that 
this hypothesis one of those which require to be verified by 
comparisons of deductions from them with experimental facts. 
I did not, however, refer to certain theoretical results I had 
obtained which actually afford such verification. These results 
are given in a dissertation entitled "The Hydrodynamical 
Theory of the action of a Galvanic Coil on an external small 
Magnet," which is divided into three parts, contained respec- 
tively in the Numbers of the Philosophical Magazine for Sep- 
tember, November, and December 1874. The hypotheses on 
which the theory rests are stated in art. 1 of the dissertation, 
and are identical with the fundamental principles referred to 
above. In .~ postscript to the article in the November 
Number two sets of numerical comparisons of the theory with 
observation are exhibited ; and at the end of the dissertation 
in the December Number (art. 76) a smnmary is given of the 
grounds on which the whole theory may be regarded as satis- 
factory. What I am now concerned with is to state that this 
theory depends essentially on the hypothesis that atoms are 
spherical in form and of constant magnitude, and that the 
satisfactory conclusions to which it leads are confirmatory of 
this hypothesis. 
(4) Since in the above-mentioned dissertation there are 
some remarks which might be supposed to imply that the 
hydrodynamical theory is not in complete accordance with 
the formula obtained experimentally by Ampere ibr the mu- 
tual action between a galvanic element and a magnetic ele- 
ment~ I take occasion to say that I have since seen reason to
conclude that the accordance is quite satisfactory. I have 
adverted to this point because in Clerk Maxwell's ' Treatise on 
Electricity and Magnetism' (vol. ii. p. 16) that mutual action 
is expressed in four different forms, and the fornmla of Ampgre 
is considered to be the best. It is evident hat on such a ques- 
tion there should be no uncertainty, and that a good theory 
ought to be capable of deciding whether or not a proposed 
formula is true. According to the hydrodynamical theory 
which I have advocated, Amp~re's i  the true formula. 
(5) To the " few results" obtained under Parts II. and III. 
of the general hydrodynamical theory, which are cited in the 
January Number (p. 31), and considered to be confirmatory 
of that theory~ I might have added the explanations it is 
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Theory of the _Physical Forces. 451 
capable of giving of the phenomena of the radiometer, plane 
and cup-shaped (Phil. Mug. for May and November 1876 and 
April 1877), and also of the actions of the otheoscope and 
telephone (Phil. Mug. for June 1878). I have adverted 
to these productions for the purpose of making a remark rela- 
tive to certain inferences which experimenters have drawn 
from this novel class of phenomena, nd which they designate 
by the terms "the viscosity of residual gas," "the viscosity 
of vacuum," ~a fourth state of matter" in addition to the 
solid, fluid, and gaseous. The explanations above cited appear 
to me to point to the conclusiou that these terms, so far as 
they are expressions of real phenomena, re referable to modes 
of operation of the mtherial medium in which light and heat 
are generated and transmitted, and are to be accounted for by 
mathematical deductions from the hydrodynamical theory of 
physical force. 
(6) The Theory of the Microphone I am about to propose 
is a corollary from that of the Telephone given in the Philo- 
sophical Magazine for June 1878. The following mode of 
producing the phenomena of the microphone, which was con- 
ducted in my presence, is convenient for describing the theo- 
retical explanation. An oblong rectangular plate of charcoal 
of moderate breadth and small thickness was approximately 
balanced about its middle transverse section, and so placed 
that the end of its heavier half' rested slightly on another plate 
of charcoal of greater breadth. An arrangement was made 
by which the electric urrent pertaining to a telephone could 
be passed through the two pieces of charcoal. Although my 
hearing is not good, words transmitted from a distant room 
were heard with sufficient loudness and distinctness by em- 
ploy.ing the telephone in the ordinary way, and applying a 
receiving-cup to my ear. But as soon as the current was 
made to traverse the pieces of charcoal, the loudness and di- 
stinctness were marvellously increased, and I had no longer 
need to apply the cup. This increment of sound may, I 
think, be accounted for, on the principles of the hydrodyna- 
mical theory of the telephone, in the tbllowing manner. The 
current, in passing out of the narrower into the broader plate, 
enters into a larger channel, and consequently, according to 
the hydrodynamics of steady currents, its velocity is there 
diminished and its densit.~ increased. The increment of pres- 
sure thence resulting might suffice to raise the narrow plate ;
but if so, a very slight separation would so far intercept the 
current as to cause a diminution of the lifting force, and the 
plate would immediately be brought back by the force of gra- 
vity. Thus a quick successmn of partial interruptions would 
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452 Intelligence and Miscellaneous Articles. 
be produced, whereby the steady motion might be partially 
converted into vibratory motion. This effect would be pre- 
cisely analogous to the generation by the siren of Cagniard 
de la Tour of musical sounds by means of a succession of in- 
terruptions of a steady current of air, the pitch of the sound 
increasing with the velocity of the current. These vibratory 
motions, being an accession to those produced by the speaker 
at the transmitting end of the telephone, and having a con- 
stant relation to them, are attended by an accession of cur- 
rent, and therefore an accession of effect at the receiving-end. 
This follows from the analytical formula in the second para- 
graph of the article in the Phil. Mag. for June 1878, the effects 
under consideration being all referable to pressures depending 
upon the s~uares of the velocity of a steady current of the 
mtherial medium. 
I have now completed all that I am able to say relative to 
the deparhnent of physical science the principles of which 
were inaugurated by ~ewton, and which for distinction may 
be named Theoretical Physics. I must now leave to younger 
mathematicians the task of correcting and extending, if they 
think good, the efforts I have made in this direction, and shall 
only urge the important consideration that Theoretical Physics 
are as necessary ibr constituting a complete system of Physical 
Science as Experimental and Empirical P]~ysics. 
Cambridge, May 15~ 1880. 
LXI .  Intelligence and Miscellaneous Articles. 
ON THE THEORY OF INDUCTION-CURRENTS. BY M. lgASCART. 
M.  tIELMHOLTZ has shown that, taking as starting-point the 
laws of Ohm and Joule, the induction-phenomena produced 
by the displacement of a magnetic system in the vicinity of a cur- 
rent might have been foreseen. It has seemed to me that a natural 
generalization f the results obtained in this particular case permits 
us to establish the theory of electrodynamic induction-currents so 
as to connect them simply with a common principle. 
I t  is known that, according to Amp4re's theory, the work neces- 
sary for displacing a magnetic mass m in the vicinity of a current 
is equal to the product of that mass by the intensity I of the cur- 
rent and by the increment of the angle under which the circuit is 
seen from two points occupied successively by the magnetic mass. 
The energy of the mass m with respect o the current may there- 
fore be represented by Imp. It will be useful to enunciate this 
property in another form by employing the notion of :Faraday's 
lines of force. 
If the force exerted by a magnetic system upon the unit of mass 
situated in a point be considered, and any surface-element whatever 
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